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A species of Podostemaceae discovered in 1963 in Hong Kong was identified as Cladopus nymanii s.l. or 
C. austrosinensis. No additional specimens were subsequently collected. Consequently, the identifica¬ 
tion has remained uncertain and it was thought that the plants may have been extirpated in Hong Kong. 
Half a century later, a species of Cladopus was discovered in a semi natural habitat. Comparison of the 
morphology and a molecular phylogenetic analysis indicated that it was Cladopus fukienensis. It remains 
to be ascertained whether it also grows in natural habitats, and if it is the only species of Cladopus in 
Hong Kong. 
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Podostemaceae (colloquially river-weeds) are 
unusual aquatic angiosperms that grow on sub¬ 
merged rocks in rapids and waterfalls (van Stee- 
nis 1981). The family is distributed primarily in 
the tropics and subtropics (Kato 2013, 2016). 
Southern and southeastern China, southwestern 
Japan, and southeastern Canada are at the north¬ 
ernmost limits of its distribution. 

The Podostemaceae of China were first inves¬ 
tigated by Chao (1948), who described Lawiella 
chinensis H.C. Chao, L. fukienensis H.C. Chao 
(as fukiensis’) , and Terniopsis sessilis H.C. Chao. 
Since then, Cladopus (Chun & Tsiang 1963) and 
Hydrobryum (Tao 1983) have been added, Terni¬ 
opsis was redescribed (Chao 1980), and the two 
species of Lawiella were combined with Clado¬ 
pus H. A. Moller (Chao 1982). Wu (1988) classi¬ 
fied the family into three genera and three species 
in China; Terniopsis sessilis in Fujian, Hydro¬ 
bryum griffithii Tul. in Yunnan, Cladopus nyma¬ 
nii H. A. Moller sensu lato [including C. fukie¬ 
nensis (H.C. Chao) H.C. Chao and C. chinensis 
(H.C. Chao) H.C. Chao, and C. japonicus Imam- 


ura] in Fujian, Guangdong and Hainan. Qiu et al. 
(2003) recognized three genera and four species 
in China; Dalzellia sessilis (C.H. Chao) C. Cusset 
& G. Cusset, Hydrobryum griffithii, Cladopus 
nymanii s.l., and C. chinensis. Kato & Kita (2003) 
recognized three genera and six species in China, 
Terniopsis sessilis, Hydrobryum griffithii, H. ja- 
ponicum Imamura from Yunnan, Cladopus aus¬ 
trosinensis M. Kato & Y. Kita from Guangdong 
and Hainan, C. fukienensis and C. japonicus in¬ 
cluding C. chinensis [= C. doianus (Koidz.) Ko- 
riba (Kato 2008)]. 

In 1963, the Japanese bryologist Zennoske 
Iwatsuki collected the first specimen of Cladopus 
(Z. Iwatsuki 63 [TI]) in Hong Kong on Tai Mo 
Shan, Kowloon Peninsula. It was identified as C. 
nymanii s.l. by Cusset (1992) and later as C. aus¬ 
trosinensis by Kato & Kita (2003) based on the 
few bracts on a short floriferous shoot. Because 
the specimen comprises dried fragments, its 
identity remains uncertain. Kato & Kita’s (2003) 
treatment is followed in the Flora of Hong Kong 
(Deng & Xia 2008). Additional specimens have 
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not been gathered since the original collection, 
raising doubt about its continued existence in 
Hong Kong. 

Cladopus is recognized (see Fig. 1) having 
subcylindrical or ribbon-like roots with tufts of 
leaves and flowering shoots near the margin at the 
sinuses of the root branches. It adheres to sub¬ 
merged rock surfaces and spreads vegetatively. 
The flowering shoot comprises digitate or lobed 
(in C. taiensis C. Cusset) bracts in two rows sub¬ 
tending a terminal flower. The flower bud is en¬ 
closed by a spathella (special envelope), which 
ruptures apically at anthesis. The simple flower 
comprises a pedicel, two tepals, usually one sta¬ 
men and one pistil. The tepals are borne on either 
side of the filament and both the tepals and sta¬ 
men are on the surface facing the rock. After fer¬ 
tilization, the ovary develops into a smooth, glo¬ 


bose capsule on a stalk derived from the pedicel 
and the axis of the flowering shoot. The diagnos¬ 
tic characteristics for species identification in¬ 
clude the width of the root, the length of the flow¬ 
ering shoot, the number and form of the bracts 
and the number of stamens (Cusset 1992, Kato 
2006, Koi & Kato 2012). 

On 27 March, 2013, Mandy Wong and col¬ 
leagues discovered two populations of Podoste- 
maceae at the foot of Tai Mo Shan, Kowloon Pen¬ 
insula, Hong Kong. One of the two plants was 
collected from a small population in a small rapid 
on an open south-facing slope beside a catchwater 
at the foot of Tai Mo Shan. The other was col¬ 
lected from a smaller population on a cement wall 
of the same catchwater separate from the rapid. 
Thus they grow in semi natural and artificial hab¬ 
itats. The plants were preliminarily identified as a 



Fig. 1. Cladopus fukienensis. Hong Kong population where HongKong SN was collected. A. Ribbon-like branched roots on 
rock surface. B. Clustered leaves. C. Dense flowering shoots with digitate bracts in natural habitat on rock surface. D. 
Flowering shoot with bracts reduced basipetally. Photographed by Mandy Wong. 
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species of Cladopus because they had diagnostic 
characters of Cladopus (Fig. 1). In this study we 
investigated the phylogenetic position and mor¬ 
phological characters of the plants. 

Materials and Methods 

The morphological analysis was based on 
plants collected recently (Table 1) and specimens 
of Cladopus from China deposited in the Nation¬ 


al Museum of Nature and Science Herbarium 
(TNS) and the University of Tokyo Herbarium 
(TI) (Kato & Kita 2003). The phylogenetic analy¬ 
sis of the matK region was based on materials cit¬ 
ed in Table 1 and on other species of Cladopus 
and Paracladopus examined by Koi et al. (2012) 
(voucher IDs are shown in Fig. 2). Preliminary 
phylogenetic analysis using HongKong SN sug¬ 
gested that the Hong Kong plants are assignable 
to a clade of C. austrosinensis and C. fukienensis. 


Table 1. Materials recently collected and examined. 


Species 

Locality and voucher (herbarium acronym) 

GenBank accession number 
of matK sequence 

Cladopus austrosinensis 

Huizhou, Guangdong, China; Kokubugata GK17125 (TNS) 

LC144911 

Cladopus fukienensis 

Small rapid at southern foot of Tai Mo Shan, Hong Kong; 
Kato et al. HongKong SN (TNS) 

Cement wall of catchwater at southern foot of Tai Mo Shan, 
Hong Kong; Kato et al. HongKong HK2 (TNS) 

LC144912 

LC144913 


100/100 
1.00 


100/100 

1.00 


0.004 



Paracladopus chiangmaiensis TL-808 
P. chiangmaiensis LKF-119 
P. chiangmaiensis TK-201 

P. chiangmaiensis LK-213 
1.00 I p. chiangmaiensis LKF-105 
P. chiangmaiensis LKF-121 

P. chanthaburiensis TIK-21 


0.98 

98/99 


■ Cladopus austrosinensis CH-301 


■ C. austrosinensis CFI-302 
. C. fukienensis CH-01, JK-03 
I- C. fukienensis HongKongSN,HK2 


— C. austrosinensis GK17125 


1.00 

63/67 
0.99 \ 

62/53 


• C. doianus CH-02 


C. pierrei LK-128 
C. pierrei LK-232 
C. pierrei LK-117 
— C. pierrei LK-222 
— C. pierrei LK-214new 
C. pierrei LKF-118 


C. pierrei LK-221 


• C. pierrei LK-211 


C. javanicus ID-02 

— C. nymanii ID-03 
— C. nymanii FL-02 

C. queenslandicus H. Akiyama 16803 
- C. queenslandicus AU-01 


1.00 
64/69 
0.99 

■ C. taiensis TL-101 

3 I- C. fallax TL-701 

I C. fallax TL-1610 


Fig. 2. Maximum Likelihood matK tree (-InL = 3161.77996) of Cladopus. Figures on left and right sides above horizontal bars 
indicate Maximum Parsimony and Maximum Likelihood bootstrap values (%), respectively, those below bars indicate 
Bayesian posterior probabilities. Paracladopus chanthaburiensis and P. chiangmaiensis are outgroups. 
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For molecular phylogenetic analysis, the ma¬ 
terials were dried with silica gel. Sequencing was 
conducted as previously described by Koi et al. 
(2012). The methods for constructing the phylo¬ 
genetic tree followed Koi & Kato (2010) with 
some modifications as follows: in Maximum 
Likelihood (ML) analysis, the GTR+I+G model 
was selected for our data set: base frequencies 
were A = 0.3239, C = 0.1534, G = 0.1368, T = 
0.3858; the substitution rate matrix was A to C = 
1.4783, A to G = 0.9457, A to T = 0.2859, C to G 
= 0.4047, C to T = 0.9479, G to T = 1.0000; the 
proportion of invariable sites was 0.6890; and the 
gamma distribution shape parameter was 1.1780. 
In Bayesian (Bayes) analysis, the GTR+I+G mod¬ 
el was used. Markov chain Monte Carlo iterations 
with four chains were conducted for 2000000 
generations, and the first 5000 trees were discard¬ 
ed as burn-in. The remaining 15000 trees, whose 
standard deviation of split frequency was under 
0.01, were used. In maximum parsimony (MP) 
analyses, all characters were equally weighted, 
and bootstrap values were calculated with heuris¬ 
tic searches for 1000 replicates with 100 random 
addition replicates with tree-bisection reconnec¬ 
tion (TBR) branch swapping. Paracladopus 
chanthaburiensis and P. chiangmaiensis were 
used as outgroups, because Paracladopus is sis¬ 
ter to Cladopus (Koi et al. 2008, 2012, Koi & 
Kato 2012). 

Results 

The Hong Kong plants, HongKong SN and 
HongKong HK2, had the same malK gene se¬ 
quence. In an ML phylogenetic tree of the matK 
gene, the Hong Kong plants were sister to C. 
fukienensis (CPI-01), which all merged in the C. 
austrosinensis clade (CH-301, CH-302, GK17125) 
(Fig. 2). CH-01 had the same sequence as JK-03 
from the Okawa River, the type locality of C. 
austro-osumiensis Kadono & N. Usui, a syn¬ 
onym of C. fukienensis, Kyushu, Japan (Kita & 
Kato 2004, Koi et al. 2012). The clade was sister 
to a clade consisting of C. pierrei and C. doianus, 
the former species of which is in Laos, Thailand 
and Vietnam, and the latter in Fujian and Japan. 


The results of a comparison of the morpholo¬ 
gy of the Hong Kong plants, C. austrosinensis 
and C. fukienensis are shown in Table 2. The 
Hong Kong plants (HongKong SN and HK2) 
shared all their characters with C. fukienensis. 
Among others, the shared many basipetally re¬ 
duced bracts on the long reproductive shoot are 
unique (Fig. ID). Because most of the diagnostic 
characters of Z. Iwatsuki 63 could not be ascer¬ 
tained, it was difficult to identify it as either C. 
austrosinensis or C. fukienensis. 

Discussion 

The results of the molecular phylogenetic 
analysis and comparative morphology indicate 
that HongKong SN and HongKong HK2 are C. 
fukienensis. Cusset (1992) identified Z. Iwatsuki 
63 as C. nymanii s.l., which includes C. doianus 
[= C. japonicus, C. chinensis and C. austrosatsu- 
mensis (Koidz.) Ohwi] and C. fukienensis. How¬ 
ever, C. nymanii sensu Cusset is polymorphic 
(Kita & Kato 2004, Koi et al. 2012). Kato & Kita 
(2003) identified Z. Iwatsuki 63 as C. austrosi¬ 
nensis. Our study using additional specimens 
found that the difference between C. fukienensis 
and C. austrosinensis was less than given in the 
descriptions by Chao (1948) and Kato & Kita 
(2003). Nonetheless, the two species are distin¬ 
guished by the length of the flowering shoots and 
the morphology of the bracts (Table 2). Because 
no molecular data are available for Z. Iwatsuki 63, 
it is not possible to identify it with certainty, but it 
does not exclude the possibility that HongKong 
SN, HongKong HK2 and Z. Iwatsuki 63 are con- 
specific and only C. fukienensis occurs in Hong 
Kong. 

Z. Iwatsuki 63 was collected in a natural habi¬ 
tat at 400-500 m elevation on Tai Mo Shan, but 
the location is imprecisely known. In compari¬ 
son, HongKong SN and HongKong HK2 were 
from small populations beside a catchwater in 
semi natural habitats. It is uncertain whether 
Cladopus still occurs or has been extirpated from 
natural habitats. 

The molecular data and comparative mor¬ 
phology show that GK17125 from Huizhou, 
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Guangdong, is C. austrosinensis , thereby provid¬ 
ing a more precise knowledge of the distribution 
of C. austrosinensis than in Kato & Kita (2003). 
Hong Kong is about 150 km south of the location 
of C. austrosinensis in Huizhou, but isolated 
from C. fukienensis in Fujian by a greater dis¬ 
tance. Phylogenetically, C. austrosinensis is per¬ 


haps paraphyletic with C. fukienensis (Koi et al. 
2012, present study). Further investigation in 
Guangdong and Fujian is necessary to clarify 
their distribution and specific differences. 

We thank Chi-Tai Kwok who supported us in various 
ways, Ray Lok-Hin So for his help in the field, G. Kokubu- 


Table 2. Comparison of characters in Hong Kong plants, C. fukienensis and C. austrosinensis. 


Character 

HongKong SN, HK2 
(Hong Kong) 

Z. Iwatsuki 

63 1 (Hong 
Kong) 

C. fukienensis 1 2 

C. austrosinensis 3 

Root 

ribbon-like, (0.7-)l—2(—2.5) 
mm wide, 0.3-0.5 mm thick 
(Fig. 1A) 

ribbon-like, 

1 mm wide 

narrow ribbon-like or subcylin- 
drical, compressed, 0.4-1.3 mm 
wide, 0.4-0.5 mm thick 

subcylindrical, compressed, 
0.5—1( 1.3) mm wide 

Leaf 

2-5 per tuft, linear-spatulate, 
flat, apex obtuse, 1.3-8.2 x 
0.1-0.5 mm (Fig. IB) 

— 

linear or subulate, apex acute or 
obtuse, 1.3-5 mm long 

to 5 per tuft, linear, flat, apex 
obtuse, to 6 mm 

Flowering 

shoot* 4 

3.5-5 mm long 

1.4-2 mm 
long 

3.5 10( 13) mm long 

1.6—3(—3.5) mm long 

Bract 

10-18, upper bracts larger than 
lower ones, 1.5-2.5 x 3-3.5 
mm, digitate (Fig. 1C, D) 

6-12, upper 
bracts equal 
to or slightly 
larger than 
lower ones 

12 19( 36), upper bracts larger 
than lower ones, 1-3 x 0.7-2.8 
mm, digitate 

8—12(—14), all bracts subequal 
except smaller basal ones, 
digitate 

Finger¬ 
like lobe 

4-8, to 1.1 x 0.3 mm, longer 
than proximal lamina, 
subterete, rigid, rough 

— 

3-7, 0.3-1 mm long, median lobe 
linear-spatulate, terete, rigid, 
obtuse 

3-9, to 0.7 x 0.3 mm, 
occasionally to 5 mm long, 
oblong or linear, rough 

Spathella 

globose, mucronate, mucro 0.4 
mm long, ruptured near apex, 
funnel-like 

— 

globose, 1.3—1.9 x 0.9-1.4mm, 
apex mucronate or forked 
mucronate, ruptured transversely 
around circumference on the 
upper side, lower part funnel- 
shaped 

globose, apex mucronate, mu¬ 
cro simple or sometimes 
forked, ca. 0.4 mm, irregu¬ 
larly rupturing near apex 

Pedicel 

0.5-1.4 mm long 

— 

0.5-2 mm long 

ca. 1.5 mm long 

Tepal 

2, filiform or linear-spatulate, 
0.7-1.3 mm long 

— 

2, linear or subulate, 0.6-0.7 mm 
long, occasionally staminoid 

2, linear, 1-1.5 mm long 

Stamen 

1,1.7-2.3 mm long, as high as 
ovary or a little higher 

— 

1, ca. 1.3 mm long 

1, to 1.5 mm long, as high as 
ovary 

Anther 

ca. 0.8 mm long, 4-thecate 

— 

ca. 0.9 mm x 0.8-0.9 mm, oblong 
elliptic 

— 

Pollen 

dyad; (18 )19 21( 23) pm in 
diameter 

— 

two-celled (dyad) 

— 

Ovary 

globose, unequally 2-locular, 

1.3-1.7 x 1.1-1.2 mm 

— 

obliquely ovoid, smooth, 
unequally 2-locular, 1.1-1.5 x 

0.7—1.3 mm 

globose, 1-1.5 x 1 mm, 
2-locular, with 2 nearly 
vertical grooves 

Stigma 

2, forked at base, procumbent, 
linear-obdeltoid, apex oblique¬ 
ly truncate, 0.6-0.9 mm long 

— 

2, forked at base, linear, apex 
acute or obtuse, 0.4-0.5 mm, 
deciduous 

2, forked near base, procum¬ 
bent, equal, linear to subulate, 
entire, ca. 0.6 mm long 

Ovules 

25-35 per locule, borne on 
entire surface of septum 

— 

25-35 per locule, borne on entire 
surface of septum 

25-34 per locule, borne over 
surface of septum 

Septum in 
ovary 

convex in center, margin thin 

— 

convex in center, margin thin 

convex in center, margin thin 

Stalk of 
capsule 

0.8-3 mm long 

1.8-2.7 mm 
long 

(0.5 )1.2 2.8 mm long 

1.2—1.7 mm long 

Capsule 

globose, 1 1.5( 2.3) x 0.9- 
1.3 mm, smooth, 2-valved 

globose, 1.1 
x 1.0 mm, 
smooth 

globose, 1.0 1.3 x 0.8-1.3 mm, 
smooth, 2-valved 

globose, 1.5 mm long, 
smooth, 2-valved 

Seed 

0.2-0.3 x 0.15-0.2 mm 

— 

0.3-0.5 x 0.2-0.3 mm 

— 


1 The specimen comprises dried, more or less shrunk reproductive shoots with root segments. 

" Chao (1948), Kadono & Usui (1995) and present study. 

3 GK17125 is assigned to this species; Kato & Kita (2003) and present study. 

4 The length from the base of reproductive shoot to the tip of uppermost bracts. 
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